Simulated annealing

|dea: escape local maxima by allowing some “bad” moves
but gradually decrease their size and frequency

function SIMULATED-ANNEALING( problem, schedule) returns a solution state
inputs: problem, a problem
schedule, a mapping from time to “temperature”
local variables: current, a node
next, a node
T, a “temperature” controlling prob. of downward steps

current«— MAKE-NODE(INITIAL-STATE[problem])
for 1+ 1 to oo do
T« schedulel]
if 7'= 0 then return current
next «— a randomly selected successor of current
AE«— VALUE[nezt] — VALUE[current]
if AE > 0 then current <« next

else current < next only with probability e® /T
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Properties of simulated annealing

At fixed “temperature” T', state occupation probability reaches
Boltzman distribution

E(x)
p(gj) — e kT

T" decreased slowly enough = always reach best state x*
because e T /e FT = e~ T > 1 for small T

Is this necessarily an interesting guarantee??

Devised by Metropolis et al., 1953, for physical process modelling

Widely used in VLSI layout, airline scheduling, etc.
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Local beam search

|dea: keep k states instead of 1; choose top £ of all their successors

Not the same as k searches run in parallel!
Searches that find good states recruit other searches to join them

Problem: quite often, all k states end up on same local hill
|dea: choose k successors randomly, biased towards good ones

Observe the close analogy to natural selection!
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Genetic algorithms

= stochastic local beam search + generate successors from pairs of states
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Genetic algorithms contd.

GAs require states encoded as strings (GPs use programs)

Crossover helps iff substrings are meaningful components

W

GAs = evolution: e.g., real genes encode replication machinery!
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